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Abstract

The standard of care for medical data documentation in the ICU involves the recording of hourly
vitals. These vitals are used for a quick summary of patient status and for visualizing trends as part
of routine medical care. In a similar way, large animal research models of critical care use hourly
vitals recordings to track subject state and treatment response. In addition to the hourly vitals,
time points of interest to research may be recorded as frequently as every five minutes. These
recordings are entered into a series of Excel spreadsheets for convenience of data entry and editing
as well as easy generation of trend graphs. For each animal, a single Excel workbook contains
sheets for hourly vitals, lab values, and demographics as well as study-specific devices, procedures,
and results. In the analysis phase, it is necessary to pull each subject's data from the series of
workbooks into a single coherent dataset from which time points can be correlated and groups can
be compared both graphically and numerically. This document gives a procedure for assembling
the Excel data into a single dataset for analysis using R.
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Introduction

In this paper we present a method for extracting data from two diverse datasets for either combined or
separate analysis. The first dataset comes from a large number of laboratory medical charts which are
stored as Excel spreadsheets. These medical charts resemble the hourly vitals charts of any hospital,
with the exception that the time-points are not explicitly entered hourly. For the purpose of the
laboratory, the vitals are entered at experiment time-points, which are typically hourly if not more
frequent.

The second dataset comes directly from the medical instruments. It is collected continuously from the
most significant medical devices without requiring operator intervention or input. Most of this data
capture is digital, eliminating the need for analog to digital conversion or analog signal calibration.

Both datasets are indispensable in their own way. The medical chart data is entered and verified by
humans. Although humans are susceptible to recording of spurious events that are not indicative of
trends as well as transcription errors, humans will often double-check abnormal or unlikely values and
proceed to fix problems with fluid lines and instruments. Humans will also enter data that is not
available for automated recording, such as the time of an experiment event. On the other hand,
although the machine recorded data is unverified, it is very good for visualizing trends and finding errors
in the human data. The datasets complement each other.

In most laboratories, Excel is the first tool of choice for data collection and analysis. Its strengths and
weaknesses are well known. Certainly for very large datasets as well as datasets that span multiple
Excel workbooks, this tool is inadequate. We have both of these cases. Our solution is to use a well-
known scripting language, R, to extract the data from the Excel workbook and carry the analysis from
raw data to end product — which is the essence of reproducible analysis. This method allows us to
document, inspect, and verify every step of the process, and this is the foundation of reproducible
research.

For those who have not taken a statistics course recently and have not interacted with recent graduates,
you may be unfamiliar with R. This quirky statistics-centric programming language has been integrated
into most university statistics courses. R is free, state-of-the-art, well documented and used daily by
professional statisticians. It is a valuable resource in its own right and will amply reward the research
who learns it. No previous knowledge of the R language is needed to follow this tutorial, but it may be
necessary to consult online resources for a complete understanding. Sources of additional training
material can be found for free in online courses at Coursera:

https://www.coursera.org/learn/data-management

https://www.coursera.org/learn/reproducible-research
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R: The Analysis and Statistical Language

"Statistics is the grammar of science." Karl Pearson

Do I need to learn a programming language? The answer is, "No, unless you care about your data
analysis". But, if you do not care about your data, this guide is not for you. Or, if you are happy to rely
on other members of your team to do high quality reproducible data analysis, then this guide is not for
you.

The purpose of this guide is to enable the average researcher at ISR to perform basic reproducible data
analysis of vitals from data found in Excel medical charts and ASCII vitals recordings through the use of
R. Ris a language for statistics together with an integrated suite of software facilities for data
manipulation, calculation and graphical display. The intent of this technical manual is to be self-
sufficient, but true understanding of R and its environment will require additional resources. Additional
reference material can be found for free in online:

https://cran.r-project.org/doc/manuals/R-intro.html

Prerequisites: R and R Studio

You will need to install R and optionally R Studio to follow this guide. R can be obtained from the R
project web site: https://www.r-project.org. For Windows, R comes with a minimal interactive GUI

program called Rgui. This base install is functional but not intuitive. Running Rgui will open a blank
document for entering commands.

R Studio builds on top of the basic R package and provides a friendlier environment for the user. R
Studio is not as intimidating as Rgui, and a number of YouTube tutorials will enable a new user to feel
comfortable in this environment in under an hour. For this tutorial, either of approach will work.

DoD networks require a Certificate of Networthiness (CoN). Both the DIACAP and the more recent Risk
Management Framework require or acknowledge the usage of the Certificate of Networthiness. Both R
3.x and R Studio 1.x have active CoN's, a copy of which has been included in the appendix, DoD Security
and Certificates of Networthiness. See the CoN for security measures that must be taken to enable use
of these products.

Many of the scripts below require an optional package to be installed: "ggplot2". This package and
others can be included during the R installation or by following the instructions when those packages
are needed. Installation instructions for "ggplot2" can be found below in the section Libraries and More
Commands.
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The Interactive Prompt and Finding Help

R is used both interactively and through scripts. We will focus on interactively usage of R through the
command prompt. If you have not used the R command prompt previously, please refer to one of the
above references before continuing. At a minimum, one should understand how to access the online
help system for additional information on packages and commands, recognize the assignment operator
"<-", and recognize the pound sign "#" as the beginning of a comment.

All R packages are required to have documentation in the online help system as well as PDF formatted
documents. Some packages have additional documentation in vignettes. To find help on using a
particular command, enter "?" followed by the command of interest. It is also possible to search the
help system for references to a top by entering "??" followed by a topic name. See the examples below:

> ? read.tables # this will search for the documentation of the read.tables() command
> ?? read.tables # this will search all documentation for references to read.tables
> browseVignettes() # list the available vignette documentation
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Vectors, the Building Blocks

The simplest data structure in R is the numeric vector, which is a single entity consisting of an ordered

collection of numbers. This should seem peculiar to programmers in any other language. What about a
simpler type, like a single integer? Take a look. In R we can enter a simple calculation such as: 1 + 2.
What is the result? A vector of length 1. Try it:

It certainly looks like an integer. The value is 3. But what about the "[1]" prefix in the output? Oh yes, it
is, the first element of an array of length one. Being vector or array centric, it should be easy to create
an array of several numbers, and indeed it is! Enter the following at the > prompt:

Nothing was printed except an empty prompt. It appears we created an array of length 5, consisting of
various numbers. Did we? Enter "x" at the next prompt to see the value.

Maybe we have an array of five values. We still have this "[1]" prefix, but there is no "[2]", "[3]",... This
would make sense if only the first number on each line were numbered. Let's test that hypothesis by

creating an array from 1 to 50. R has a short-hand method to do this:

Indeed! The expected result. What happens if we try a simple case of adding 1 to x? Try and see.
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For programmers in other languages, this result is unexpected. "1" was added to every element of x

without the need for an explicit loop. Being an array, it should be possible to assign a value to individual

elements of the array with familiar [] syntax used in most programming languages, which is done as

follows:

> x[1] <- 2017
> X
[1] 2017 3 4
[16] 17 18 19
[31] 32 33 34
[46] 47 48 49
>

6 7 8 9 10 11 12 13 14 15 16
21 22 23 24 25 26 27 28 29 30 31
36 37 38 39 40 41 42 43 44 45 46

There are more surprises along the way. In addition to arrays, the most important data structure in R is

the data frame. Think of a data frame as a spreadsheet: it has rows and columns. Each column

represents a single variable, and each row holds a single record. But before we get to datasets, let's

introduce some basic commands and a few essential data types.

Basic Commands

The table below contains the most basic commands that will be used throughout this document.

Command Description

Help System
# The beginning of a comment, generally used for code documentation.
? abc Help about the command "abc".
?? abc Search the online help system for any references to "abc"

Variable Management

class(x) Return the class of variable "x". The variable class will be something
like "integer", "numeric", "character"”, or "POSIXct". There are
hundreds of possible classes.

head( x) Print the first few elements of "x"

length(x) Print the number of elements in array "x".

Is() List the defined variables in the current workspace environment.

rm(x) Delete variable "x" from memory.

unclass(x) Expose fundamental storage elements of a complex class

Basic Statistics

Cat( X' llbll' “C“' II\n" )

max( x ) Return the maximum value in array "x".

mean( x ) Return the mean value of array "x".

min( x ) Return the minimum value in array "x".

sum( x) Return the sum of all values in array "x".
summary(x) Print a set of information related to variable "x"

String Functions
Print the value of variable "x", followed by the literal letters "b", "c"
and a new line.
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paste(x,y, z)

Return the values of variables x, y, and z joined together with a space
between each value.
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Date Functions

as.POSIXct() Convert, possibly parse, a value to the POSIXct data structure.
as.POSIXIt() Convert, possibly parse, a value to the POSIXct data structure.
as.difftime( value, units=) | Creates an object that represents the difference of two date/time
objects with an attribute indicating the units

strptime( value, format=) | Parse character representations of date and time objects.
Sys.time() Return the current date and time.

File Management
dir.create( path) Creates the last element of the path, unless the optional argument
recursive = TRUE. Trailing path separators are discarded. On
Windows, drives are allowed in the path specification and unless the
path is rooted, it will be interpreted relative to the current directory
on that drive.

getwd() returns an absolute filepath representing the current working
directory of the R process; setwd(dir) is used to set the working
directory todir

setwd(dir ) Set the working directory to the "dir" indicated. setwd uses the same
conventions as getwd.

list.files( path ) Produce a character vector of the names of files or directories in the
named directory or current working directory if path is not specified.

source( file) Read from the named file or URL or connection or expressions

directly. Input is read and parsed from that file until the end of the
file is reached, and then the parsed expressions are evaluated
sequentially in the chosen environment.

read.csv( file) Reads a file in CSV format and creates a data frame.
read.table( file ) Reads a file in table format and creates a data frame.
write.csv( x, file) Write the R object "x" to the file specified using the CSV format.
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Dates and Times

There are multiple ways to represent dates and times in R. The most common way to obtain a date is to
parse a string representation. The data type produced depends on the function used to parse the string.
The most commonly used parsing routines are as.POSIXct() and as.POSIXIt(). POSIXct internally
represents a data as an integer, which is the number of seconds since Jan 1, 1970. The date range of
POSIXct is therefore restricted to a value between 1902 and 2037.

Parsing dates from strings can be done with the POSIX functions as well as the strptime function. All
parsing functions take a format string which is described in the online documentation. It is easy to make
mistakes with dates. For instance, the hour format %H expects a value 0-23 and ignores the AM/PM
indication. The format specifier %I expects a value 0-11 indicating the hour and respects the AM/PM
indication.
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Another class that represents a date and time is POSIXIt. POSIXIt internally represents a data as a series
of values: integers for the year, month, day, hour, etc. POSIXIt also requires a time zone. POSIXIt is

therefore capable of almost any date.

Time deltas are a unique data type, called "difftime". Dates can be manipulated by adding and
subtracting difftime objects.

Excel uses a single decimal number to represent a date, with the value 1.0 being 24 hours, or 1 day.
Likewise, 0.5 would be half a day, or 12 hours. You can see this in Excel by formatting an Excel date
column to a numeric type. The Excel date is simply this decimal number defined and formatted as a
human readable calendar date. Conversion to an R date is often simplest by reading the Excel column as
a formatted string, then parsing the string to give a compatible R date.
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Lists and Factors

Lists and Factors are the last two important types of R data, other than dataframes. Lists are easy to
understand as arrays indexed by words instead of numbers. A little care must be taken with the single
brackets, [ and ], as opposed to the double brackets, [[ and ]]. Numbers are always enclosed in single
brackets, while words are always enclosed in double brackets.

Here is sample usage:

Factors too are usually simple. Time points are a good example of a usage case for factors. Let's
consider an experiment with three time points: "Baseline", "Injury", and "EOQS". In this example, these
are the only possible values for a time point. To assign the value "IL2" to a time point would be an error.
It may also be important to assign factors a specific order, particularly in the case of time points. Factors
were made for this, and for some purposes such as categorical separation of plots, factors are even
required. But R is not perfect, and it tends to decide too often that a variable is a factor. This happens
most often when reading data from text files. It is often best to specify the column type when the data
is read as part of the read.csv() or read.table() command.
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Data Frames

A data frame is a fundamental type in R, and it is used everywhere. Without an understanding of data
frames, you won't get far. A data frame is essentially the same as a simple spreadsheet in Excel. It has
rows and columns. Typically, a column represents a single variable, such as time, and each row is a
timepoint. Both the columns and rows are numbered, and the columns are named as well.

Data frames have some constraints. First, all columns must have the same number of rows. Second,

each column can have only one type of data. As an example, we can create a data frame that has three
hourly readings for systolic, diastolic, and MAP. One way to do this is to create the data columns, then
combine them to produce into a data frame.

Beautiful.

Given a dataframe, we can inspect it in various ways. Generally, we are interested in knowing how
many columns it has, the column names, and the number of rows. See the example below.
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The rows, columns, and individual values of a dataframe can accessed directly by name or by index in

much the same way as a two dimensional array. Some examples are shown below.
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Libraries and More Commands

Samson, where does your strength come from?

Delilah, it comes from my package manager, core packages, and 1000's

of contributors across the world!

i

Secure CRAMN mirrors

Greece [https]
lceland [https]

Ireland [https]
Italy (Padua) [https]

lapan (Tokya) [https]

Bdalaneria [hndbnc]

Packages

ggExtra -
gyfittext

ggfaorce

ggfermula

ggfortify
gggenes
ggghost
ggguitar
gghalfnorm
ggimage
GGIR
ggiraph
ggiraphExtra
ggjoy
gglasso
gglogo
ggloop
ggm
ggmap
ggmcme
ggrmaosaic
GGMridge
GGMselect
ggmuller
ggnetwork

arallel
Od

ggplotZmovies
ggplotgui =

Indonesia (Jakarta) [https]

tps]

m

Cancel

OK ] ’ Cancel

Figure 1: CRAN Mirrors and Packages

The strength of R comes from its 1000's of contributors. When you
obtain R initially, your only installed the core packages, also called
the "base" packages. Each package contains additional commands,
code, and documentation to perform a specific task or group of
tasks.

We will need more packages that are not included in the base set.
One such packages is "ggplot2". Most R packages are in well-known
repositories on the internet. There are approximately 10 well-
known repositories, although even fewer repositories are usually
needed.

To browse the available packages and select specific packages to
install through the GUI, enter the command install.packages(). This
will present the user with a list of source locations from which to
obtain the packages. Selecting the location will result in another
popup showing the packages that are available from the selected
location. (Figure 1: CRAN Mirrors and Packages) All locations
should have the same packages and package versions. The list is
extensive.
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Working with Manually Entered Excel Data

"In our lust for measurement, we frequently measure that which we can
rather than that which we wish to measure... and forget that there is a
difference." George Udny Yule

Typical Project Layout

Below is the directory layout of the project we will be using. All of the Excel data which we will be
examining is found in under the Data directory. We will be looking at two groups: Injury Control (IC)
and Treated (T). Each study group has its own subdirectory, and all the files in the group directory
belong to that group. In this dataset, the first injury control subject in this dataset is in file "IC1
Vitals.xIsx". The animal ID is in this Excel file, together with lab results, demographic information and
experiment results.
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The Project Setup File

To capture the project layout and location of data files, we create a file called “setup.r” that contains
variables to describe the location of resources to be used for this analysis. This file will serve a central
role by importing external libraries, declaring directories, providing common utility routines used by this
project. It may also provide additional meta-information such as study groups or subjects to be included
or excluded. We begin the "setup.r” file as follows:
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Common Utility Routines

Common utility routines should be placed in "setup.r". Notice that all the Excel vitals files are in the
directory identified by the variable xIsx_dir. Our next step is therefore to read this directory and import
each Excel file into the indicated study group. We will find a couple of utility functions to be useful. Our
first utility routine will be to read individual columns:
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The second utility routine will provide a method to read a single row. The utility of these two routines

will be shown below.

June 14, 2019 19



Code Documentation

In the previous section, you should have noticed the more verbose comment style and markers such as

@param and @return. This style of comment is preceded by the two character combination #%, and is

used by R to generate code documentation for the online help system. This kind of comment is a best

practice, but discussion and understanding of this comment style is beyond the purpose and scope of

this document. For now, it is sufficient to simply understand this more formalized comment style is both

understandable without additional information, as well as optional.

The Tally Sheet

A single master tally is usually used to keep track of which animals have been included in a study, to

which study group the animal was added, and demographic type information. A sample tally sheet is

shown below in Figure 2.

(=) TallyBakerxsx o B @
B ) D E F G H 1 J

1 Protocol A-16-004 Experimental group MD Replacements

2 24 5 3

4 Pig# Experimental Date Wt (kg) Hemorrhage (mL) | Blood wt (g) | ROSC (Y/N) Burvival post bleed Group Notes

5 9247 1/24/17 41.6 1352.0 N 70 min MD1 used spinal needles for vfib

6 9245 1/26/17 36.6 1189.5 N 71 min MD2 hard to get vfib

7 9250 2/7/17 41.0 1332.5 N 99 min MD3 did not get cardiac arrest, fatal plus

8 9610 2/21/17 41.2 1339.0 N 43 min MD4 CT good placement of REBOA 55 cm

9 7998 2/23/17 43.8 1423.5 1480.44 Y 4hr PR, 260 min MD5 REBOA well placed

10 9619 2/28/17 43.2 1404.0 1460.16 N 0 min REBOA |REBOA slided out 2 cm during CPR still well pla
11 9240 3/1/17 42.0 1365.0 1419.60 Y/N? at ETX 11 min CTRL animal died at the end of TX, CaCl2 delivery iss
12 9243 3/2/17 43.6 1417.0 1473.68 Y 4 hr post ROSC CTRL no TEE at BL, ROSC at min 3

13 9614 3/7/17 4.0 1332.0 1385.80 Y 4 hr post ROSC REBOA |REBOA deflation started 6 min post ROSC,RO5(
14 7996 3/8/17 40.0 1300.0 1352.00 N 0 min CTRL LVEF calculated at BL 66.7%

15 9613 3/9/17 40.3 1309.8 1362.00 Y 4 hr post ROSC REBOA |ROSC in 3 min, followed by Vtach, required Ami
16 9483 Af7N17 37.6 1222.0 1270.88 N 0 min REBOA |After 52 she entered in PEA, we should not shot
17 9484 4/12/17 36.2 1176.5 1223.56 N 0 min REBOA |No ROSC

18 9480 4/20/17 39.6 1287.0 1338.48 Y 0 min REBOA |ROSC achieved at min 9 into CPR for 45 s, conv,
19 9482 4/26/17 43.0 1387.5 1453.40 Y 4 hr post ROSC CTRL ROSC achieved at min 3 into CPR

20 9668 4/27/17 39.4 1287.0 1338.48 Y 4 hr post ROSC CTRL ROSC achived at min 4 into CPR; DAQ crushed «
21 9680 5/3/17 40.6 1319.5 1317.28 ¥ 4 hr post ROSC CTRL no DAQ recording, it crushed several times.

22 9665 5/4/17 42.0 1365.0 1419.60 N 0 min REBOA |no ROSC, DAQ recording good

23 9666 5/10/17 43.4 1410.5 1466.92 N 0 min CTRL no ROSC, very high HR post surgery >230, LTC.
24 9676 5/11/17 40.4 1313.0 1365.52 Y 0 min REBOA  |ROSC for a couple of min, lesson for today if yo
25 9670 5/16/17 43.0 1397.5 1453.40 N 0 min CTRL no ROSC, pig almost entered vfib 1 min before 1
26 9674 5/17/17 43.8 1423.5 1480.44 Y 4 hr post RDSC CTRL ROSC achieved at min 3 into CPR

27 9641 5/18/17 41.4 1345.5 1389.32 Y 0 min REBOA |ROSC achieved at min 6 into CPR, delivered TX
28 9645 5/23/2017 45.2 1469.0 1527.76 Y 4 hr post ROSC CTRL ROSC achieved at min 3 into CPR

29 9682 5/24/2017 43.8 1423.5 1480.44 Y 0 min REBOA |ROSC achieved at min 3 into CPR, after transfu
30 9644 5/30/2017 45.8 1488.5 1548.04 N 0 min CTRL no ROSC

Reoay | e "" T U T D R !

Figure 2: Typical Tally Sheet
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The tally sheet is simple enough to be read with a single call to read_xIsx. We convert the tally to a
simpler data frame, then rename some columns for convenient access.

For this analysis, we need the study date to adjust the clock times that were read from the individual
Excel vitals charts. This is only needed because the data entry personnel don't have a standard place to
put the study date in the individual sheets. They only record the time of each time point, not the date.
To further complicate matters, Excel stores dates and times as a floating point numbers. Each dayis 1
unit. For example, the value 0.25 would be 06:00 AM, and 0.45 would be close to 11:00 AM.
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With this short function, it is now possible to convert the clock times stored in Excel floating point values
to actual dates. Notice we make two special exceptions in the file: when the time is recorded as DEATH

or Death, we don't use it. I've never been able to use DEATH as a time. Maybe it should be a time point
instead? Perhaps? Hint.
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Reading One Sheet of Standard Laboratory Data

The Lab data we wish to read can be found in the "CBC and Chemistry" tab of our Excel workbook. By
default, R expects the data to be in a particular format which most of us will recognize as a standard
database format: column

headers in the first row with F
. . 1
sequential data following >
row-by-row. (Figure 3: 3 0522 > +dp/dt
Desired Data Format) a _0.732 3 _dp/dt
5 -0.15 4R

However, our CBC and 5 1.014 s R
Chemistry data is not in this 7 1.042 6 +dP/dt
format. The lab technicians 3 1.361 7 -dP/dt
typically enter the data with El 1.69 3R

. . . 10 174 9 +dP/dt
timepoints going across

) dof d 11 2.008 10 -dp/dt

instead of down, - 2062 1R
chronological from left to . .

. . Figure 3: Desired Data Format

right, as a traditional bed-
chart. (Figure 4)

g“ H9-®-|< IC1 Vitalsxlsx - Microsoft Excel
Home Insert Page Layout Formulas Data Review View Acrobat
= ‘* Arial 12 - A‘ A = = §Wrap Text General - 7 ;'I- L ﬁ
;a;:] = Jy - A = = | iF & o, =0 .00 Cor%i:{]nal F%t % IEs!er‘l: E:e F::
E ¥ I U~ - - A~ EE = i5 | G Merge & Center - | $ v % o+ | %0 ;% i s e Srse > .

Clipboard = Font (] Alignment [P} Mumber (] Styles Cells

D E F G H I ]
1 Protocol PIG NO. 9240  |Wt(Kg) | 420
2
3 _Pig# | Timepoint BL1 BL2 EH ROSC ETX R30 R60 R120
4 Clock time
5 9240 WBCs
6 9240 RBCs
7 9240 HGB
3 | 9240 HCT
s 9240 MCV
10 9240 MCH
11| 9240 MCHC
12 9240 CHCM
13| 9240 CH
149240 RDW
15 9240 HDW

CBC and Chemistry CBC and Chemistry Graphs TEdﬂ 4

W 4 » M| Vitals Sheet Vitals Graphs Lab Sheet Lab Graphs
Ready |

Figure 4: Actual Data Format
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To read this data, we recognize the headings are in column B, the time points are in row 3, and the
values of interest start at column C row 5. The following function, read_sheet_data, does just that:

it (1) reads the variable names in the second column, (2) reads the timepoint names in the third row,
and (3) reads the data. Sometimes the number of rows/columns doesn't match the expected size due to
appearance of empty rows or empty columns, so this routine has a couple of extra steps to ensure
empty rows/columns do not otherwise interfere with the expected data.
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Repeating the Process: Reading an Entire Study

Since we have organized our groups by directory, we will use a short program to list all the files in each
directory and extract data accordingly. The first sheet we will look at is "CBC and Chemistry". The end

result will be an R dataframe that contains all CBC data for all animals from all sheets. As we read each
sheet of data, we will attach a little bit of additional information to the dataframe indicating the source

file, subject group, and animal ID. To finish the process, a few lines of code will clean up the
automatically assigned row numbers and remove empty data columns.

June 14, 2019 25



Post-Process and Data Cleanup

After importing a large dataset, several types of cleaning will be needed. The first type of clean will be
consistency of data types and values. Using correct data types will make analysis and graphing much
easier. For instance, the string "1.2.3" is not a valid number. In the post processes phase, mistakes like
this will be found by converting data to the correct data types. Usually this involves converting strings to
numbers and dates, but it also involves some handling of missing data.

Another post-processing step is ordering of "factors". A factor is a data type of enumerated values. For
instance, the time points in a study will usually be "factors", often enumerated as "Baseline", "Injury",
"Treatment", "R30", "R60", "R120", etc. And there will be a finite number of factors. Factors provide a

convenient way to group points. The default order of factors is alphabetic, but any graph probably
prefers chronologic order. The snippet below provides examples of removing empty columns, re-
ordering factors, and converting a series of columns to numeric after replacing the text value "-" with NA
and the text value "Off" with zero.
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Some data errors can be easily found by applying consistency rules. Forinstance, MAP can never be
greater than the systolic pressure, or less than the diastolic pressure. SpO2 can never be greater than
100.

Some simple tests to find erroneous data entry are given below:

Each one of these queries found one or more errors in the data. We then went back to the Excel
spreadsheets to examine the source of the error and fix it in the raw data source.

The Resulting Dataframe and Preliminary Analysis
The resulting R dataframe contains all CBC information for all animals in all spreadsheets. The head
command provides a quick way to explicitly see the first few rows of data.
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For CBC's, all animals in this study should have data for the baseline (BL 2) and end of transfusion (ETX).
A quick box plot of the RBC and WBC values should confirm our data is meaningful.

>
>
> boxplot( WBCs ~ TP, data=cbc_df, main="White Blood Cells" )

Here we have elementary confirmation that our white blood cell count does indeed vary by time point.
Although this is not really meaningful data at this point beyond our purpose of showing that we do
indeed have viable data.

White Blood Cells

35

30

25

]

% ]

[=)
I I I I I I I ! ! !

BL1 BL2 EH ROSC ETX R30 R60 R120 R180  R240/D

Figure 5: Boxplot of WBC by Time point from Excel Vitals Data
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Advanced Topic: Prettier box plots

160 -
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L]
o group
< * — Injury Contral
E -
80- - — Treated
L]
40 - #

BL1 BL2 EH ROSC ETX R30 RGO R120 R180 R240/D MNA
TP

Figure 6: Enhanced Boxplot of WBC by Time point and Group

R is really good at making graphs. Simple graphs. Complex graphs. Domain specific graphs. Galleries of
these images exist online. There are three commonly used graphics systems in R. Yes, that does make
things complicated and, No, you don't need to learn all of them.

Start with the core graphs: plot(), boxplot(). If you need them, learn Lattice graphs: xyplot(), xy...

But if you want pretty graphs and are willing to work a little harder, GGPLOT2 is the ultimate solution.
The above plot of MAP vs TP was created by the code below:

ggplot(vitals_df, aes(x=TP, y=MAP, fill=group)) +
geom_boxplot() +
coord_cartesian(ylim = c(20, 160))

There are entire books written on ggplot2. More information on ggplot2 can be found online, in books,
and in the online help section. Information on this topic is extensive and beyond the scope of this
document.
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Advanced Topic: Code Layout and Storage

Just as project data files should be stored in a standard format, project analysis code should be stored as
well in a standard format. Source code is typically stored in a revision control system. A revision control
system keeps track not only of the current code, but also all changes made to the code since it was first
created as well as who made those changes.

The most popular revision control system is GIT, and free accounts are available from internet suppliers
such as github.com.

June 14, 2019 30



Automated Recording of Instrument Data

There are multiple instrument data collection systems in use at the ISR, and these systems are capable
of recording data in multiple formats. One format of the ASCII data recordings was created by Guy
Drew, and several version of it were used over time by his software. In particular, two of his file formats
are commonly used for vitals and waveforms. The Guy Drew Vitals ASCIl format consists of three rows
of header data followed by a blank line, followed by a standard tab delineated dataset. Traditionally,
these file names end in .VTL.

Dynamic Research Evaluation Workstation
Vitals Report
Thursday, August 27, 2009

Time DSI-ABP-S  DSI-ABP-D DSI-ABP-M Temp-M EKG-M  RateRate-EKG Rate-DSI-ABP MKR #
08:46:17 124.471 92.173 108.818 48.767 -0.236 71.571 71.571 71.698 0.000
08:46:22 123.575 91.359 107.833 48.766 -0.038 69.338 69.338 67.834 0.000
08:46:27 123.379 92.051 108.430 48.767 -0.129 64.849 64.849 66.294 0.000

The Guy Drew Waveform ASCII format consists of 16 rows of header information, followed by a blank
line, followed by a standard tab delineated dataset.

Dynamic Research Evaluation Workstation
Analog Waveform Recording: v7.03mx

Data Format : Scaled ASCII (TXT)
Thursday, August 27, 2009 : 08:46:17

Company Name: U S Army

Organization: ISR

Study Title: Wade Darpa A-07-006 TS5
Sugery Date: Thursday, August 27, 2009
Subject Number: 8521

Medical ID: ©

DAQ Operator(s):

Base File Name: DARPA 8521 082709
Sequence Number: 001

Sample Rate: 500

Notes: See Notes File.

EKG DSI-ABP DSI-ECG Temp MKR #
-0.049 94.739 0.034 48.769 0.000
-0.049 94.983 0.044 48.769 0.000
-0.073 94.739 0.034 48.769 0.000
-0.073 94.739 0.044 48.769 0.000
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Reading Guy Drew File Headers

As seen from the above samples, these ASCII files use a verbose date format with unique parsing

requirements. We can parse the date with the code below:
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For either vitals or waveform datasets, the header can be read and parsed with the routine below:
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Reading ASCII Vitals Files

Reading a single vitals data file is now directly done in two steps: read the header using readHeader,

then use the header information to read the data portion.

The data is not perfect for two reasons. First, the Time column of vitals contains only the time, not the
date. The study date is found in the header file. To get a well-defined time field, we need to combine
these two values and parse them. The following two lines fix the date as needed.

The second issue with the vitals files is that they are segmented into 5 minute segments, so we need to
concatenate the results of all of the vitals files to obtain the desired study dataset. The resulting script is
as follows:
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Now we can enjoy the immediate gratification of a few plots. See Figure 7.
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Figure 7: Plot of Continuous Vitals
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Reading ASCII Notes File

The "notes" file should be in the same directory as the other data files. It can be found with the list.files

command and read just as easily.

Now we can plot the results on top of the previous graph. For this plot, we will use ggplot. One reason
for this is that the vertical line function in the base plots (abline) does not understand date/time values.
The second reason is that ggplot is a superior plotting system, and this problem gives us a reason to

explore it a little more.

37
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In this plot, we have demonstrated many features of the ggplot library. Here are a few:

e Setting a plot title using ggtitle()

e Setting the horizontal and vertical graph range using xlim() and ylim()
e labeling the axes using xlab() and ylab()

e Drawing multiple lines from different datasets using geom_line()

e Drawing vertical lines using geom_vline()

e Drawing rotated text on top of a graph using geom_text()

See Figure 8: Overlay of Time Points on Continuous Vitals.
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Figure 8: Overlay of Time Points on Continuous Vitals
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Reading ASCII Wave Files

Our final task is to plot a simple waveform. Using the tools that we have already assembled, this is
straightforward, and the plot is shown in Figure 9: EKG Waveform Signal.
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Figure 9: EKG Waveform Signal
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DoD Security and Certificates of Networthiness

Networthiness Data - R Foundation Statistical Computing R 3.x Page lof 2

FOR OFFICLAL USE OMLY
Certificate of Metworthiness (CoM)

Prod uct: R Foundation St atistical Computing R 3.x

Cert# Request Type CoN Type Approval Expiration
201721841 Renew Enterprise B/26/201T B/ 26,2020
Mission Area Domain Functional Area Category

Bisiness Financial Management Madeling & Simulation Desktop

Description:

Statistical Computing R 3 % isan open-source a pplication that provides statistical com puting that i used when compiling data for
research aralysi. R is a language and emvironment for statistical computing and graphics. and it provides a wide va riety of
statistical and graphical techniques (linear and nonlinear modelling, classical statistical tests, time-series analysis, chssification, and
clustering), and it is highly extensible. R compiles and runs o na wide variety of UNX platforme and similar systems (including
FreeBSDand Linux), Windows and MacO5. This product includes the following components: Base - base R Functiors; Compiler - R
biyte code complier; Datasets - base R datasets; Gmphics - Rfunctions for base graphics; grDevices - gaphics devices for base and
grid gm@ phics; Grid -graphics layout capabilities plus intemction support; Methods - formally defined methods a nd classes far R
objects; Pamlle| -supports pamllel computation including forking and by sockets, and mndom number generation; Splines -
regression spline functions and classes; Stats - R statistical functions; Stats4 - statistica | functions using 54 clsses; Teltk - interface
and language bindings to Tel/TK GUI elements; Tools - mckage development and administration; and Utik - R utility functiors. R
provides the functionality to import data files from some of the most commonly used statistical software packages such as SAS,
Stata, SPSS and Excel.

Satistical Computing R3x isinstalled ona current Windows AGM build workstation. CAC authenticated users access the
application via the desktop. Files generated using R am stored either local to the user's computer or on local netwark file share. All
data stays internal to the local enclave.

Facts

+ Thi k& a renewal for Certifica te 201416299
+ This poduct i an Open Source Software (O55).

CoM Linkc hittpsy/po rial netes ma iy, milfap ps/retaothiness, ety MateomiO N/ig stean & pad mguestld=34019
Restrictions:
1. The organization implementing this o pen source software will ensure the source code is available for examination;
applicable configumtion implementation guidance & awailable, a protection profile is in place, or a rik and vulnerability
assessment has been conducted with mitigation strategies implemanted. This capakility rquires CCB approval and

documentation prior to implementation. Motification of the suppoarting Regiona | Cyber Center (RCC) of local software use
approval & required.

POC: netcom.hg.netwo rthiness@ mailmil /(5201533 -1199

Thie Certificate of Netwo rthiness is based ona trusted sta ndardized platform, configured per FDCC. All patches and updates will be
provided by the host netwark administrator (MEC or DECC) in accordance withall technical directives, mandates, and 1AVM. This
Certificate of Metwarthiness & no bngervalid shauld the assessed configuration besignificantly a e red. Per Army Cyber Command
guidance, all opemting e mvironment will implement HBSS capabilities. Upon expimtion of this Certificate of Metwarthiness, this
application must be massessed to ensure it is still compliant with the GNEC architecture and & still netwarthy. Should this software
version be upgraded prior to this expimtion, the new wersion must be evaluated for netwo rthiness.

Additional Comments

hittps: darmy deps.milnetcom/sites/ NW/CoNApprova L ists/Networthiness%o 2 0Data/ CoNEditForm aspx?l... &/30:2017
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Metworthiness Data - B Foundation Statistical Computing B 3.x Page 2 0f 2

BRADFORD.DAMIEL 1124817257 ﬂ
x Signed on 2017062 STO00OD0Z

Danial Q. Bradiord
Sanior Exacutive 5
Matwark Entarprisa

SES), Depuly to the Commandar / Senior Technical Diractar / Chiel Enginaar

I
https: Jarmy deps.milneteom/sites NW /CoNApproval'L ists/Networthiness%, 2 0Data/CoNEditForm aspx?l... &30:2017
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Metworthiness Data - RStudio Desktop 1.x Page 1of 2

FOR OFFICIAL USE OMLY
Certif f . ol

Product: RStudio Desktop 1.x

Cert# Request Type CoN Type Approval Expiration
201721875 Upgrade Enterprise Lf22/2017 Lf22/2020
Mission Area Domain Functional Area Category

Business Installations & Environ Program & Devebpmeant Application

Dascription:

Desktop 1.x 1san open source Integrated Devek pment Ervironment (IDE) for the R programming language and
software environment. The R language is usad for developing statistical software and data analysis. This
software provides a front-end interface to the statistics software R. This product executes R code directly form
the source editor and streamlines the basic tasks of writing commands for R (In the form of text files) and
viewing the output. Desktop includes a console, syntax-highlighting editor that supports direct code exacution,
aswell astools for plotting, history, debugging, and workspace management.

Deskiop 1.x s Installed oma current Windows AGM build workstatio n. The user accessas the application from the
shortcut in the Windows Start menuor from the deskiop lcon. The usar manually enters data into the
application. Data is saved on the local kard or shared drive, and data stays internal to the local enclave.

Facts:

# This Is an upgrade to Certificate 201620257,
« This product s an Open Source Software [0SS).

CoN Link: https://fportal. netce m.army. milfapps netwe rthiness/_byouts/Netcom CON/rgstoon2 asmadre questd=3 5200
Restrictions:

1. RStudio Desktop 1.x Is restricted for use within certified and accredited networks and/or data centers
hawing a current ATO.

2. The organization implermanting this open source software will ensure the source code |s available for
examiration; applicable configuration implementatio n guidance isavallable, a protection profile s in place,
or a risk and vulrerability assessment has been conducted with mitigation strategies implemented. This
capability requires CCB approval and documentation prior to impkementation. Motification of the
supporting Reglomal Cyber Centar (RCC) of bcal software use approval is required,

POC: netcom.ha.networthiness@mall. mil /(520353 8-1199

This Cartificate of Networthiness is basedon a trusted standardized platform, conrfigured per FDCC. All patches
and updates will ba provided by the host network administrator (NEC or DECC) in accordance with all technical
directives, mandates, and 18VHM. This Certificate of Networthiress is mo longer valid should the assessed
configuration be significantly alered. Per Army Cyber Command guidance, all operating ervironment will
Implement HBSS capabilities. Upon expiration of this Certificate of Metworthimess, this application must be
reassessad to ensure it is still compliant with the GNEC architecture and s still metwo rthy. Should this software
version be upgraded prior to this expiration, the rew version must be evaluated for networthiness.,

Additional Commants:

x BRADFORD.DAMIEL. 1124817257 2
Signed on 200 F-08-22TD0: D0: D02

https: Jarmy deps.milneteom/sites NW /CoN ApprovalLists/ Networthiness%,20Data/ CoNEditForm aspx?1... 5/25/2017
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Metworthiness Data - RStudio Desktop Lx Page 2 of 2

Dankel . Bradford
Sepior Exec utive Sarvice (SES), Deputy to the Commander/ Senlor Technical Director / Chief Engineer
Network Enterprise Techmology Command (METCOM)

https: farmy.deps milneteom/sites W /CoNApprovalLists' Networthiness%o 2 0Data/CoNEditForm aspx?l... 5/252017
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